INTRODUCTION
Hepatocellular carcinoma (HCC) mostly occurs in patients with chronic liver disease such as chronic hepatitis B (CHB) being the most common cause of HCC worldwide. The risk of HCC development increased 5 to 100 times in patients with CHB. 1 Therefore, it is very important to predict the CHB patients with a high risk of HCC development and to carry out an active surveillance for HCC detection in high risk groups. Oral antiviral agents are now a mainstay of the treatment in CHB patients. In particular, entecavir and tenofovir, which show excellent viral suppression and little drug resistance, are recommended as an initial therapy for CHB patients. 2, 3 Long-term treatment of entecavir decreases the risk of HCC development in patients with CHB compared to untreated patients. 4, 5 However, oral antiviral treatment can not completely eradicate the risk of HCC development in CHB patients. Our previous study showed that CHB patients treated with oral antiviral agents still have a higher risk of HCC development than those at an inactive state of CHB. 6 Therefore, it is important to predict the risk of HCC development in CHB patients receiving antiviral treatment.
Most of the previously reported prediction models for HCC development included CHB patients without antiviral treatment. [7] [8] [9] A recent study presented a prediction model for HCC development in CHB patients who were treated with either entecavir or tenofovir. 10 However, this study included a fair number of patients who were treatment-experienced with interferon or nucleos(t)ide analogs (NAs) before entecavir or tenofovir treatment. At present, there is no risk model to predict HCC development in treatment-naive CHB patients receiving oral antiviral treatment as an initial therapy. Our study aimed to establish and validate a risk prediction model for HCC development in treatment-naïve CHB patients receiving entecavir to identify the risk of progression to HCC in patients on NA treatment. All patients enrolled in this study were treated with entecavir for CHB as an initial therapy in both the testing and validation groups. Furthermore, the high risk group for HCC development in CHB patient on entecavir was also determined and validated.
PATIENTS AND METHODS

Study design & population
This study retrospectively analyzed 2,061 treatment-naïve CHB patients treated with entecavir as an initial therapy from 4 centers in Seoul, Korea. The criteria for the use of entecavir were based on the Korean Association for the Study of the Liver (KASL) guideline: (i) hepatitis B virus (HBV) DNA ≥20,000 IU/mL with serum aspartate transaminase (AST) or alanine transaminase (ALT) level ≥2 upper limit of normal (ULN) in HBeAg-positive patients; (ii) HBV DNA ≥2,000 IU/mL with serum AST or ALT level ≥2 ULN in HBeAg-negative patients; and (iii) HBV DNA ≥2,000 IU/mL with serum AST or ALT level above ULN in liver cirrhosis. 11, 12 CHB was defined as HBsAg positive for more than 6 months. The population was divided into two groups: a testing cohort (Sungkyunkwan University Samsung Medical Center, n=990) and a validation cohort (Chung-Ang University Hospital, Yonsei University Gangnam Severance Hospital, and Korea University Guro Hospital, n=1,061). The testing cohort was used to assess risk factors for HCC development and establish the HCC risk prediction model. The validation cohort was used to verify the risk prediction model for HCC development. Inclusion criteria were age ≥18 years and treatment with entecavir as an initial therapy for CHB. Exclusion criteria consisted of co-infection with hepatitis C virus, prior treatment history of NAs or interferon, entecavir administration less than 6 months, HCC development within 6 months after starting entecavir, loss of follow-up within 6 months after starting entecavir, liver transplantation without HCC development after starting entecavir, and incomplete laboratory data. Liver cirrhosis was defined based on liver histology or ultrasonographic findings (coarse parenchymal echogenicity with irregular surface nodularity) with/without the manifestation of portal hypertension (splenomegaly, ascites, gastroesophageal varices, and hepatic encephalopathy).
Assessment of outcome and follow-up
All the patients were assessed with AST, ALT, platelet count, serum albumin, the presence of HBV envelope antigen (HBeAg), alpha-fetoprotein (AFP) and ultrasonography at baseline. To exclude HCC at baseline, contrast-enhanced computed CT (CT) or magnetic resonance imaging (MRI) was additionally performed in high risk group for HCC development: i) hepatic mass in ultrasonography, ii) the suspicion of regenerative nodule or dysplastic nodule with advanced LC in ultrasonography, iii) increased serum AFP, and iv) family history of HCC. Pre-treatment serum HBV DNA level was measured using COBAS TaqMan quantitative test for hepatitis B virus (Roche Molecular Systems Inc., Branchburg, NJ, USA). After starting entecavir, the patients were checked for serum ami-https://doi.org/10.3350/cmh.2016.0086 notransferase level, status of HBeAg, and HBV DNA level every 3 or 6 months. The outcome of this study is HCC development in CHB patients receiving entecavir. For HCC surveillance, enrolled patients underwent radiologic study (ultrasonography and/or contrast-enhanced CT) with serum AFP every 6 months. In addition, MRI or liver biopsy was performed to confirm the diagnosis of HCC if necessary. HCC was diagnosed according to the American Association for the Study of Liver Diseases (AASLD) guideline. 13 Time to HCC development was defined as the interval between the initiation of entecavir treatment and the detection of HCC. The follow-up duration was defined as the period between the initiation of entecavir and either HCC development or the last visit to outpatient clinic before December 31, 2014.
Statistical analysis
Categorical variables were presented as frequencies with percentages. Continuous variables were described as a mean value with standard deviation (SD) and a median value with interquartile range according to parametric and non-parametric distributions, respectively. From the testing set, a risk prediction model for the time to HCC was developed using a Cox regression model. For variable selection, the stepwise procedure with inclusion and exclusion criteria using 2-sided alpha=5% was used. Based on the relative size of the regression estimates in the fitted prediction model, a HCC risk score model was developed. To confirm that this risk score is applicable to both data sets, the distribution of the time-dependent area under receiver operating characteristic curve (AUROC) in each data set using 1,000 bootstrap samples was estimated and compared between the two sets. The cutoff values of the fitted risk score for <5% (low risk group), 5-20% (intermediate risk group), >20% (high risk group) of 5-year HCC probability was identified, and generated a time to HCC probability curve for the both data sets. Applying these cutoffs to the validation set, the time to HCC distribution was compared among the three risk groups using the log-rank test. A plot of 5-year HCC probabilities for the fitted risk scores was also generated. These analyses were conducted using SAS version 9.4 (SAS Institute, Cary, NC, USA) and R 3.2.3 (Vienna, Austria; http://www.R-project.org).
RESULTS
Baseline characteristics and HCC development
Baseline characteristics of the testing and validation cohorts are demonstrated in Table 1 . The validation cohort had higher levels of platelet count, AST, ALT, pre-treatment log 10 HBV DNA, and a higher proportion of HBeAg positivity than the testing cohort (P<0.05). The level of albumin, and the proportion of liver cirrhosis were higher in the testing cohort compared to the validation cohort (P<0.05). There was no significant difference in age or gender between the two cohorts. The median duration of follow-up was 2.1 (interquartile range: 1.3-4.2) years in the testing cohort and 3.5 (interquartile range: 2.4-4.9) years in the validation cohort. HCC development was observed in 58 (5.9%) patients in the testing cohort and 85 (6.3%) patients in the validation cohort. Figure 1 shows the cumulative incidence rates of HCC in the testing and validation cohorts. The cumulative incidence rates of HCC at 1 year, 3 years, and 5 years are 1.5%, 5.0%, and 11.2%, respectively, in the testing cohort and 0.9%, 4.6%, and 8.9%, respectively, in the validation cohort. There was no significant difference in HCC development between the two cohorts (P=0.196).
Risk factors for HCC development in patients receiving entecavir for CHB
To establish the risk prediction model for HCC, the risk factors for HCC development were analyzed in the testing cohort ( Table 2 ). Univariable analysis indicated that HCC development was associated with age (hazard ratio [HR] 1.08, P<0.001), platelet count (HR 0.99, P<0.001), albumin level (HR 0.51, P=0.004), ALT level (HR 0.99, P =0.001), pre-treatment log 10 HBV DNA (HR 0.80, P =0.014), and liver cirrhosis (HR 7.34, P<0.001). Multivariable analysis showed that the risk factor for HCC development was age (HR 1.08, P<0.001), male (HR 2.89, P=0.001), and liver cirrhosis (HR 5.26, P<0.001).
The difference of HCC development according to virological response to entecavir was evaluated in the testing cohort. Complete virological response (CVR) group (n=933) was defined as continuous virological suppression (HBV DNA <69 IU/mL) while incomplete virological response (IVR) group (n=57) was defined as HBV DNA fluctuation above ≥69 IU/mL. HCC development was observed in 57 patients from CVR group and in 1 patient from IVR group. The mean durations of time to HCC development were 5.58 (95% CI: 5.49-5.67) and 5.11 (95% CI: 4.42-5.81) years in CVR and IVR group, respectively. There is no statistical difference in HCC development according to virological response (P=0.703). 
Testing and validation of the risk score model
Based on the significant risk factors (age, gender, and liver cirrhosis) presented in the multivariable analysis, a new risk score as a prediction model for HCC development in CHB patients receiving entecavir was established and applied to the testing and validation cohorts. The risk score based on the above model is formulated as (age+15×gender [female=0 / male=1]+23×cirrhosis [absence=0/presence=1]). We named it as HCC-Risk Estimating Score in CHB patients Under Entecavir (HCC-RESCUE). The timedependent AUROC using the new risk score was assessed to predict HCC risk in the testing and validation cohorts ( Table 3 Figure 2 shows 5-year cumulative probability of HCC development in CHB patients receiving entecavir according to the increase of HCC-RESCUE score in the testing cohort was calculated. The cumulative probability of HCC development at a certain year (t) is formulated as follows: t-year HCC probability = 1 − S (t). S (t) = exp{−H 0 (t) exp (0.07 × HCC-RESCUE score)}. S (t) means t-year HCC-free probability. Five-year cumulative probability of HCC development according to each risk score point is presented in Supplementary Table 1 . Five-year cumulative probabilities of HCC development in patients with HCC-RESCUE scores of 20, 40, 60, 80, and 100 points were 0.2%, 0.8%, 3.6%, 14.5%, and 48.7%, respectively.
HCC development according to risk groups based on the new risk score
Patients were categorized using the new HCC-RESCUE risk score. The patients were categorized into three risk groups according to the 5-year cumulative probability of HCC development: low risk group, <5%; intermediate risk group, 5-20%; high risk group, ≥20%. The difference in HCC development by each risk group was assessed in the testing and validation cohorts (Fig. 3) . The minimum and maximum values of the new risk score were 18 and 113 points. The equivalent risk scores to 5% and 20% of 5-year cumulative probability of HCC development were 65 and 85 points, respectively. Therefore, the categorization of the risk groups using the HCC-RESCUE scores is present as the following: low risk group, ≤64 points; intermediate risk group, 65-84 points; high risk group, ≥85 points. In the testing cohort, the cumulative probabilities of HCC development at 1 year, 3 years, and 5 years were 0.2%, 0.5%, and 0.5%, respectively, in the low risk group, 1.8%, 6.2% and 14.4%, respectively, in the intermediate risk group and 4.4%, 14.6% and 37.1%, respectively, in the high risk group (Fig. 3A) . There was a significant difference in HCC development according to the risk groups (P<0.001). In the validation cohort, the cumulative probabilities of HCC development at 1 year, 3 years, and 5 years were 0%, 0.9%, and 2.1%, respectively, in the low risk group, 1.3%, 5.2%, and 9.3%, respectively, in the intermediate risk group and 2.8%, 17.1% and 41.2%, respectively, in the high risk group (Fig.  3B ). There was a significant difference in HCC development according to the risk groups (p <0.001).
DISCUSSION
We present herein HCC-RESCUE, a new model predicting the risk of HCC development optimized in treatment-naïve CHB patients receiving oral antiviral agent. The HCC risk score model was developed using treatment-naïve CHB patients on entecavir from a single tertiary care center and externally validated by patients from 3 university-affiliated hospitals. The difference in probability of HCC development according to the risk groups categorized by HCC-RESCUE was also verified.
Oral antiviral treatment using NA has a pivotal role in preventing HCC development in CHB. 14 The use of potent oral antiviral treatment can effectively suppress HBV replication in patients with CHB. However, our previous study demonstrated that the risk of HCC development in patients treated with oral antiviral agent is still significantly higher compared to patients at an inactive state of CHB. 6 Thus, oral antiviral treatment reduces but not eliminates the risk of developing HCC in CHB patients. Therefore, it is definitely required to establish a risk prediction model for HCC development in patients receiving antiviral treatment for CHB.
There have been several studies that developed a HCC risk model in patients with CHB. [7] [8] [9] [10] 15 However, most of the models were derived from CHB patients without experience of antiviral treatment [7] [8] [9] or included a very minor proportion (15.1%) of patients receiving antiviral therapy. 15 Previous risk models suggest various risk factors for HCC development in CHB patients. Age, albumin, bilirubin, cirrhosis and HBV DNA level were the risk factors for HCC development from a Hong Kong cohort. 7 Another risk model from Hong Kong indicated the risk factors for HCC development as age, gender, basal core promoter mutation, cirrhosis, and HBV DNA level. 8 Yang et al. report age, gender, ALT, HBeAg, and HBV DNA level as the risk factors for HCC development. 9 In the study of Wong et al. age, albumin, HBV DNA level, and liver stiffness measurement using transient elastrography were considered as the risk factors of HCC development. 15 Compared to previous studies, the risk factors in our model simply consist of age, gender, and cirrhosis. The main difference between our study and the previous studies is that our risk model does not include virological (pre-treatment HBV DNA level and HBeAg) or biochemical (ALT, albumin, and bilirubin) factors. The difference in the risk factors for HCC development may be caused by the characteristics of the enrolled patients in the study, a critical factor being treatment with an antiviral agent. As mentioned above, previous risk models were derived from CHB patients without antiviral treatment or included a small portion of patients receiving antiviral treatment. In contrast, our risk model consists purely of treatment-naïve patients receiving entecavir for CHB in both the testing and validation cohorts. A large-scale Taiwanese cohort study revealed that HBV DNA level is an independent risk factor for HCC development in CHB without antiviral treatment. 16 However, HBV DNA level is no longer a risk factor for HCC development in CHB patients receiving antiviral treatment. 4, 6, [17] [18] [19] Although the HBV DNA level was included in previous risk models for HCC development, the level of HBV DNA was not a risk factor for HCC development in our study. This may be due to the fact that our study cohort includes only patients on entecavir treatment. The study suggests that the risk of HCC development in CHB patients receiving antiviral treatment is not increased by baseline factors, pre-treatment HBV DNA and liver function tests, modifiable by treatment. Only pre-treatment baseline factors which are difficult to modify with antiviral treatment such as age, gender, and liver cirrhosis are remained as the risk factors for HCC development. The effect of regression of cirrhosis by long-term use of entecavir or tenofovir on the risk of HCC development needs to be further studied.
20,21
The HCC-RESCUE includes three readily available clinical factors with a good predictability for HCC development in the validation cohort (time-dependent AUROC >0.8). Some studies validated the risk of HCC development in CHB patients receiving oral antiviral treatment using previous risk score models with favorable predictabilities. 22, 23 However, the majority of the patients in those studies were treatment experienced with either pegylated interferon or nucleos(t)ide analogue other than entecavir or tenofovir. Our study also showed that the HCC-RESCUE model has a good ability to determine the high risk group for HCC development in CHB patients receiving antiviral treatment. There was a significant difference in HCC development between the low, intermediate, and high risk groups that were categorized based on the HCC-RESCUE score. All the patients in this study were of Asian ethnicity and were treated with entecavir as an initial therapy without any previous antiviral treatment. The maximum value of the risk of HCC development at 5-year was higher in our model compared to Caucasian model (82% vs. 47%). 10 This finding may be caused by the difference in HCC incidence according to HBV genotype. Almost all patients with CHB (98%) have genotype C in Korea which is known to have a higher risk of HCC development compared to other genotypes. 24, 25 Therefore, this risk score model may have a higher specificity in Asian patients who are abundant with genotype C than Caucasian patients. The risk score needs to be further validated in patients of other ethnic origin. The goals of antiviral treatment are the prevention of HCC as well as the reduction of liver-related mortality. 2, 3 However, the risk of HCC still remains high despite antiviral treatment. 6 Thus, it is crucial to determine the high risk groups for HCC development in patients receiving antiviral treatment. Most guidelines recommend HCC surveillance with ultrasonography and/or serum AFP every six months for high risk group in chronic liver disease. 13, 26 The benefit of performing more aggressive surveillance using other imaging modalities (i.e. CT or MR imaging) or using shorter interval (less than 6 months) for very high risk groups is not clear. Our risk score model could aid in determining the high risk group for HCC development and further individualize the surveillance strategy in CHB patients receiving antiviral treatment. Our study is limited by the retrospective nature of the study conducted based on historical cohorts from four tertiary care centers. We could not study the patients' compliance of entecavir administration. Although there may be differences in the treatment pattern or protocol among the four centers, the influence on the study are minimal because the initiation or continuation of antiviral treatment for CHB in Korea is based on the KASL guideline and regulated by government-based mandatory health insurance system. 11, 12 Also, although tenofovir is a potent agent, this study included CHB patients treated only with entecavir due to the delayed release of tenofovir in Korea (December, 2012).
In conclusion, the results of this study represent a new risk model HCC-RESCUE consisting of readily available clinical factors, age, gender and liver cirrhosis, in treatment-naïve CHB patients receiving entecavir. HCC-RESCUE accurately predicts the risk of HCC development and can guide clinicians in determining the high risk group for HCC development in patients receiving oral antiviral agents. 
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